A vectorlike model of the weak interactions with six quark flavors is proposed. The model is based on the gauge theory with the group SU (2) XU (1). It is shown that the model well describes the rise of the ratio of li-to v-induced total cross sections by the charged current. Discussions on the various weak phenomena including the parity violation in atomic physics are given. § 1. Introduction Gauge theory is interesting as a candidate for the so-called unified theory m particle physics. 1 l In the framework of the gauge theory, many kinds of models can be considered. Hovvever, any meaningful model must be free from the triangle anomalies which destroy the renormalizability.'l The anomalies are most naturally removed in the vector like model. 1 l Furthermore, the vectorlike model has very interesting properties. For example, we might be able to understand, in the framework of the vectorlike gauge theory, that the left-right asymmetry of nature 1s caused by the spontaneous symmetry breaking.
In this paper we shall propose an alternative vectorlike model ·which seems to be consistent with the presently available data. Our model is based on the conventional gauge group SU(2) X U(1)'} and includes the new quark flavors t and b with charge 2/3 and -1/3, respectively, as well as usual u, d, s and c.
In the lepton sector, we introduce two charged heavy leptons and the associated neutrinos.
In § 2, somewhat detailed description of our model will be presented. We shall discuss the various weak phenomena including elastic neutrino scattering in § 3. The final section is devoted to concluding remarks. § 
Model
In this section \Ve propose a new vectorlike model of the weak interactions.
The model is based on the gauge theory with the group SU(2) X U(1) . 9 } Let us introduce the new quark flavors t and b with electric charge 2/3 and -1/3, respectively. We assign their transformation properties under the weak SU (2) as follows: (1) where de =d cos O+s sine, Se = s cos {}-d sine, t¢ = t cos ¢+u sin¢ and U¢ =u cos¢ -t sin¢. {} is the Cabibbo angle and ¢ the new mixing angle. L (R) denotes the left-handed (right-handed) projection. The delicate mixing between singlet and doublet makes it possible to interprete the available experimental data (see § 3).
For the leptons, taking into account the lepton-quark symmetry, the simplest choice will be (2) ·where E and 1'\1 are (negatively) charged heavy leptons, and Ve and vJI are the associated massless neutrinos.
The model is apparently vectorlike. Namely, if we redefine the Fermion fields by a suitable unitary transformation, the coupling of gauge fields and Fermions becomes free from rs-1) 
\Ve find from Eq. (3) that the neutral current includes noncliagonal parts as a consequence of the mixing between singlet and doublet.
Our model has tvvo more free parameters (!C and q)) compared with the famous GIM model, and hence less predictive povver. 10 l Hovvever, as will be shovvn in the next section, almost all of the presently available experimental data seem to be consistent vvith the model. Therefore it is expected that the more "natural" model may include some features of our model. § 3. Weak phenomenologies
First, we discuss the charged current neutrino (antineutrino) reactions in the framework of the parton model. In the case vvhere the mass of a heavy produced quark is not neglected/!) the inclusive cross sections for the averaged nucleon target are given by 7 : 
where x=-q 2 j21'.1v, y=v/E and v1l 2 =M 2 +2l'v1Ey(l-x) in usual notation. In
Eqs. ( 4) and (5), E, JYI, me and mb denote the incident beam energy, nucleon mass, c-quark mass and b-quark mass, respectively. "liVe and Wb are the threshold masses of the final hadrons for c and b production, respectively.
with the standard notation and other components in a nucleon have been neglected.
In our preliminary calculation, me and mb are set to be 1.5 Ge V and 3 Ge V respectively and "liVe= me+ A1 and lVb = mb + M. The parameter sin 2 Detailed calculations of Eqs. ( 4) and (5), including x distributions, y distributions and dimuon production phenomena, \Vill be presented in the separate publication.w The above equations are valid below b and t thresholds. We can fix the parameters tc and sin 2 8w, using the results of separate measurements of R and R, on the assumption sin 2 ¢ = 0.3. In the present experimental status, we take most simply 
Cv
The bound of Cv and CA in two energy ranges. Thus our model is found to be consistent with the measurements. We have plotted R versus R in Fig. 2 with the data points.
(C) Elastic Dee scattering
Next we investigate the elastic Dee scattering. The amplitude is given by
In our model one obtains (10) The experimental bound of Cv and CA has been shown in Fig. 3 with our predicted point.m The agreement with the data is fairly good. 
(D) Parity violation in atomic physics
Let us write the electron-quark neutral current interaction as (11) Then the quantity (12) can be measured by experiments, where Z and N are the proton number and the neutron number of the nucleus, respectively. 8 ) In our model
and (
14)
Thus we obtain Qw = -73.3 for Bi. Reliable experimental data are highly desired.
(E) Elastic yp (DP) scattering by the neutral current

Recently the observation of YP--'>YP (DP--'>DP)
events has been reported. 18 where t is the negative of the momentum transfer squared. 18 ) As a final example of the predictions of our model, we shall compare our calculated values of r 1 , r 2 and r 3 with the measurements. The u, d, s part of Eq. (3) is written as follows: .J3
In Eq. (20), we have used the current renormalization constants determined by
Adler. 19 > We assume the momentum dependence of the form factors as follows:
F/ (t) =F/ (0) ___ __1: ___ -- VVe have outlined an alternative vectorlike model of the weak interactions together with the various weak phenomenologies. The consistency of our model with the experimental data has been found to be fairly good. Our motivation was to construct a vectorlike gauge theory which is consistent with the available data, because the vectorlike theory has many interesting properties, as stressed in the Introduction. In our model, there are two more parameters compared to the con-ventional GIM model. 101 Thus the predictive pov'.'er is less than that of the GIM model. \Ve hope that some of the features of the present model will be shared by a more "natural" model to be established in the future.
Finally we will comment on several characteristics of our model. Firstly the neutral current in Eq. (3) includes a nondiagonal part, as a consequence of the mixing between' singlet and doublet. Therefore a heavy particle production from the valence quark (u quark) by the neutral current is predicted at sufficiently high energies. The phenomena such as the dimuon production in v (D) reactions vvhich are not discussed in this v\·ork will be investigated elsewhere.w
